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ABSTRACT
Objectives: To describe the design, methods and first
results of a survey on obesity-related behaviours and
body mass index (BMI) in adults living in
neighbourhoods from five urban regions across
Europe.
Design: A cross-sectional observational study in the
framework of an European Union-funded project on
obesogenic environments (SPOTLIGHT).
Setting: 60 urban neighbourhoods (12 per country)
were randomly selected in large urban zones in
Belgium, France, Hungary, the Netherlands and the UK,
based on high or low values for median household
income (socioeconomic status, SES) and residential
area density.
Participants: A total of 6037 adults (mean age
52 years, 56% female) participated in the online
survey.
Outcome measures: Self-reported physical activity,
sedentary behaviours, dietary habits and BMI. Other
measures included general health; barriers and
motivations for a healthy lifestyle, perceived social and
physical environmental characteristics; the availability
of transport modes and their use to specific
destinations; self-defined neighbourhood boundaries
and items related to residential selection.
Results: Across five countries, residents from low-SES
neighbourhoods ate less fruit and vegetables, drank
more sugary drinks and had a consistently higher
BMI. SES differences in sedentary behaviours were
observed in France, with residents from higher SES
neighbourhoods reporting to sit more. Residents from
low-density neighbourhoods were less physically active
than those from high-density neighbourhoods; during
leisure time and (most pronounced) for transport
(except for Belgium). BMI differences by residential
density were inconsistent across all countries.
Conclusions: The SPOTLIGHT survey provides an
original approach for investigating relations between
environmental characteristics, obesity-related
behaviours and obesity in Europe. First descriptive
results indicate considerable differences in health
behaviours and BMI between countries and
neighbourhood types.
INTRODUCTION
Poor diets, lack of physical activity and seden-
tary behaviour are major drivers of a wide
range of non-communicable diseases includ-
ing obesity.1–3 Such ‘obesity-related beha-
viours’ are inﬂuenced by contextual factors,
next to individual factors.4 For instance, phys-
ical activity can be affected by the availability
of opportunities and equipment, intercon-
nectivity of streets or proximity of parks,5 6
and dietary habits by the availability, accessi-
bility and affordability of food outlets and
food items.7 8 It may be that some aspects of
the environment are more ‘obesogenic’ than
others as they contain elements that are
more likely to promote obesity-related beha-
viours and weight gain in individuals or
populations.9
The ‘obesogenicity’ of environments is
likely to be unevenly distributed across neigh-
bourhoods and countries. A social gradient
in obesity-related behaviours and obesity
prevalence has been recognised in developed
economies, with increased obesity rates in
socioeconomically disadvantaged neighbour-
hoods.8 Indicators of socioeconomic status
Strengths and limitations of this study
▪ We used harmonised data across Europe to
characterise neighbourhoods in terms of socioe-
conomics and residential area density.
▪ The large sample size allowed comparisons
between neighbourhood types and countries.
▪ The sampling strategy and survey results may
yield several insights for public health research-
ers and policymakers in the European context.
▪ The low response rate may indicate selective
inclusion of participants.
▪ Self-reported outcomes may be biased due to
social desirability bias or recall bias.
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(SES), such as the neighbourhood median income level,
median educational level or residential property value,
have been found to be inversely associated with
obesity.10
In contrast to documentation of socioeconomic
drivers of obesity, current evidence on potentially obeso-
genic factors from our physical environment remains
inconsistent, as recently reviewed.5 6 11–14 Among a large
range of physical environmental characteristics studied,
only two built environmental factors appear to be con-
sistently associated with weight status: urban sprawl
which is positively associated with obesity, and land use
mix which is negatively associated.6 13 Both land use mix
and urban sprawl are synthetic indicators based on a set
of characteristics such as residential area density (RAD,
commonly deﬁned as the measure of housing density
expressed as dwellings or lots per hectare). Many of the
built environment characteristics described coexist in
urban areas. High-RAD places are often well connected,
with destinations close by, and have good infrastructure
for walking, cycling and public transport.5 Currently,
there is a lack of comparative studies that address such
potentially important neighbourhood characteristics in
relation to health behaviours and health outcomes.15 In
addition, most studies relating urban density measures
to obesity and its associated behaviours were conducted
in North America, and the extent to which they are gen-
eralisable to Europe is unclear, given the large differ-
ences in built environments between European and
North American cities.6
This paper has two main aims: (1) to describe the
design and methods of a survey on obesity-related beha-
viours and weight status in adults living in urban regions
in Belgium, France, Hungary, the Netherlands and the
UK and (2) to provide descriptive data on differences in
obesity-related behaviours and body mass index (BMI)
between high-SES and low-SES and high-RAD and
low-RAD neighbourhoods, across and within the ﬁve
locations.
METHODS
Setting
This study is part of the European Union-funded
SPOTLIGHT (‘Sustainable prevention of obesity
through integrated strategies’) project for which the
rationale, design, procedures and methodology have
been published elsewhere.16 For the current study,
research was conducted in ﬁve European countries:
Belgium, France, Hungary, the Netherlands and the UK.
Large cities in each of these countries were deﬁned as
study areas: Ghent and suburbs in Belgium; Paris and
suburbs in France; Budapest and suburbs in Hungary;
the Randstad (a conurbation including Amsterdam,
Rotterdam, the Hague and Utrecht) in the Netherlands
and Greater London in the UK. Characteristics of these
study areas are presented in table 1. Neighbourhood
level was deﬁned according to small-scale local
administrative boundaries as used in each country
except for Hungary. Budapest is divided into districts
and suburbs that are highly heterogeneous in terms of
population and much larger than the equivalent admin-
istrative areas in the other study countries. In order to
ensure comparability between study areas, we thus
deﬁned 1 km2 areas to represent neighbourhoods in
Budapest and suburbs.
Across all ﬁve locations, the average area of a neigh-
bourhood was 1.5 km2 and the mean population density
was 2700 inhabitants per neighbourhood.
Neighbourhoods in Ghent were the least populated and
those in Paris were the smallest in size. Greater London
had the largest neighbourhoods both in population and
area size (table 1).
Neighbourhood sampling
Sampling of neighbourhoods in the ﬁve countries was
based on a combination of RAD and SES data at the
neighbourhood level. Data on RAD were obtained from
the Urban Atlas database.17 This Atlas is a geographic
information system (GIS) database distributed by the
European Environmental Agency, based on a compil-
ation of satellite photographs covering Europe and pro-
viding high-resolution land use data.18 The Urban Atlas
includes a land use index that is comparable across
European countries. The index is based on the density
of residential areas, commercial and industrial zones,
green urban areas, commercial areas, industrial areas
and water areas. RAD is calculated as the percentage of
coverage of buildings devoted to residential facilities in a
minimum mapping unit (MMU) of 0.5 ha. Among six
existing residential density categories in the Urban Atlas,
only two classes were used, deﬁned as high and low RAD
(corresponding to >80% and <50% of areas covered by
residential buildings, respectively). Figure 1 illustrates
the GIS process adapting the residential density variable
from the MMU to the neighbourhood scale for the
SPOTLIGHT study area in the UK.
Neighbourhood SES data were based on income data
at the neighbourhood level retrieved from national stat-
istical ofﬁces and national census databases. Two classes
of SES were used (high and low, corresponding to the
ﬁrst and third tertiles of the distribution in each
country; table 1). The combination of the neighbour-
hood SES and RAD categories allowed the deﬁnition of
four classes: high SES/high RAD, low SES/high RAD,
high SES/low RAD and low SES/low RAD. On the basis
of this 2×2 grid applied to each study area in the ﬁve
countries, three neighbourhoods were randomly
sampled per neighbourhood category (ie, 12 neighbour-
hoods per country, 60 neighbourhoods in total).
An additional inclusion criterion was that sampled
neighbourhoods had to contain at least 800 households.
Recruitment of individuals
Adult residents from the selected neighbourhoods were
invited to participate in an online survey. In the selected
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Table 1 Characteristics of the wider study areas in the five countries of the SPOTLIGHT survey
Country Study area
Neighbourhood characteristics according to each study area
Name
Mean
population
Mean
surface
(km2)
First tertile of
income (in €)*
Third tertile of
income (in €)*
Belgium† Ghent and suburbs have around 400 000 inhabitants and
cover 537 km² (ie, 464 neighbourhoods)
Statistical sectors 946 1.4 <22 034 ≥24 351
France‡ Paris and first suburbs have a population of over 6 million
inhabitants and cover 762 km² (ie, 2749 neighbourhoods)
Ilot Regroupé pour
l’Information Statistique
(IRIS)
2411 0.3 <17 290 ≥25 236
Hungary§ Budapest and the 80 settlements surrounding the capital city
have more than 2.5 million inhabitants and cover 2538 km²
(ie, 1689 neighbourhoods)
1 km2 grid using a GIS 1817 1.0 ≤3269 ≥3955
The
Netherlands**
The Randstad (Amsterdam, Rotterdam, The Hague and
Utrecht) have a population of 7.1 million inhabitants and
cover 3790 km² (ie, 2078 neighbourhoods)
Buurt 2343 1.2 <29 000 ≥32 000
UK†† Greater London (including the City of London and 32 London
boroughs) has a population of 8.1 million and covers
1572 km² (ie, 1649 neighbourhoods)
MSOA 5607 3.6 <46 888 ≥55 474
*Income data from Hungary and the UK were converted to Euro.
†http://statbel.fgov.be.
‡http://www.insee.fr.
§http://www.geox.hu.
**http://www.cbs.nl.
††http://www.neighbourhood.statistics.gov.uk.
GIS, Geographical Information System; MSOA, medium super output area.
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neighbourhoods, a random sample of residential
addresses was drawn from postal companies
(the Netherlands), Yellow Pages (France), electoral
rolls (the UK) or public administration services
(Belgium, Hungary). Since we expected lower response
rates from participants in low-SES neighbourhoods,19 we
oversampled adults from low-SES neighbourhoods (1200
adults per neighbourhood) relative to high-SES neigh-
bourhoods (800 adults per neighbourhood). The aim
was to recruit at least 100 participants per neighbour-
hood (6000 in total), with an anticipated response rate
of around 10%. Between February and September 2014,
participants were recruited via postal invitation using
the Dillman method.20 In order to increase response
rates, a prize (one or more bicycles) was offered for
participants in the Netherlands, Belgium and Hungary.
Furthermore, we used posters, ﬂyers and local news-
paper advertisements to raise awareness about the
survey. In the Netherlands and France, in the neigh-
bourhoods with lowest response rates, researchers also
randomly visited people at home to encourage study
participation. Response rates per country and neigh-
bourhood type are shown in table 2. A total of 6037
adults completed the survey.
All survey participants provided informed consent.
Data collection
Information on individual characteristics was obtained
through the online survey. Participants were able to com-
plete a paper-based survey instead of the online version
on request. Details of the variables included in the
survey are described below.
Physical activity
Information on leisure time physical activity and
transport-related physical activity was collected with an
adapted version of the International Physical Activity
Questionnaire (IPAQ). The IPAQ has been validated in a
12 country study, with good reliability and acceptable cri-
terion validity.21 The items about transport were divided
into questions about mode of transport to work mode of
transport for other destinations. Additionally, items
inquiring about reasons for choosing modes of transport
were included. Respondents were also asked about car
and bicycle ownership, and whether they had a garden
or yard, or access to an allotment or city garden.
Sedentary behaviours
For sedentary behaviours, we used questions developed
and validated by Marshall et al,22 which assess time spent
sitting on weekdays and weekend days: (1) travelling to
and from places, (2) at work, (3) watching television,
(4) using a computer or tablet at home and (5) for
leisure, not including television viewing. We added
‘using tablet’ under point 4 because tablets are often
used instead of computers nowadays. The Marshall ques-
tionnaire has been shown to be reliable for sitting time
at work, watching television and using a computer at
home during weekdays (repeatability coefﬁcients
r=0.84–0.78). Validity coefﬁcients were previously shown
to be highest for sitting time at work and using a com-
puter at home (r=0.69–0.74). With the exception of
computer use and watching television for women, valid-
ity of the weekend-day sitting time items has previously
been shown to be low.22 Participants were also asked to
Figure 1 Example of urban residential density at different levels: minimum mapping unit (MMU) level (A) and neighbourhood
level (B) in Paris, France. (MMU, minimum mapping unit).
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report on the numbers within the household of elec-
tronic screens (including desktop computers, laptops,
televisions, tablets).
Dietary habits
We used a number of short items commonly used in
food frequency questionnaires related to intakes of spe-
ciﬁc foods (fruit, vegetables, ﬁsh, fast food, sweets,
sugary drinks and alcoholic beverages) instead of a full
food frequency questionnaire. Options for answers were
‘once a week or less’, ‘2 times a week’, ‘3 times a week’,
‘4 times a week’, ‘5 times a week’, ‘6 times a week’, ‘7
times a week (each day)’, ‘twice a day’ and ‘more than
twice a day’. Additionally, we asked participants how
often they ate breakfast, lunch and dinner (range: <1–7
times per week for each) and how many times a week
they cooked a meal, as opposed to eating ready-to-eat or
takeaway foods or meals (range: <1–7 times per week).
General health and anthropometrics
Participants were asked to report their height, weight,
smoking behaviour (current, previous, never), hours of
sleep on a usual night and happiness. We included a
visual analogue scale to assess perception of general
health, ranging from 0 (very unhealthy) to 100 (very
healthy). Participants were asked to report if any long-
standing illness, disability or inﬁrmity limited their daily
activities or work (yes/no).
Barriers for healthy behaviours
A selection of seven items from the Neighborhood
Quality of Life Study (NQLS)23 was included to assess
individual barriers to regular physical activity (eg, ‘lack
of interest in exercise or physical activity’, ‘lack of time’,
‘lack of equipment’). Barriers to healthy eating consisted
of 10 items from the pan-European consumer attitudinal
study and (eg, ‘busy lifestyle’ and ‘price’).24
Perceived physical environment
Perceived physical environmental characteristics poten-
tially related to physical activity were assessed using items
based on the validated ALPHA questionnaire,25 supple-
mented with items regarding the food environment
based on the Multi Ethnic Study of Atherosclerosis
(MESA) survey.26 Furthermore, we added items asking
about speciﬁc destinations (eg, food outlets, recreational
areas), reasons for going (or not going) to these destina-
tions and mode of transport for getting there.
Social environment
Aspects of neighbourhood social capital were measured
using a 13-item scale (Cronbach’s α=0.86), with ﬁve-
point ordinal scale answering categories ranging from 1
(totally disagree) to 5 (totally agree). Three factors iden-
tiﬁed in a previous study on the basis of a principal com-
ponent analysis27 were conﬁrmed in the present study,
namely: ‘social network’ (Cronbach’s α=0.83), ‘social
cohesion’ (Cronbach’s α=0.79) and ‘feeling at home’
(Cronbach’s α=0.58). Examples of items within these
factors were ‘most people in this neighbourhood can be
trusted’, ‘I often visit my neighbours in their home’ and
‘If I get the chance, I will move away from this neigh-
bourhood). Additionally, participants were asked
Table 2 Invitation and response rates of the SPOTLIGHT survey
High SES/high RAD Low SES/high RAD High SES/low RAD Low SES/low RAD Total
Belgium
Approached 2400 3486 2400 3578 11 864
Responded 410 (17.1%) 451 (12.9%) 449 (18.7%) 464 (13.0%) 1849* (15.6%)
France
Approached 2911 2058 2196 1612 8777
Responded 253 (8.7%) 183 (8.9%) 228 (10.4%) 156 (9.7%) 844† (9.6%)
Hungary
Approached 2690 3490 2304 3359 11 843
Responded 163 (6.1%) 264 (7.6%) 188 (8.2%) 260 (7.7%) 875 (7.4%)
The Netherlands
Approached 2336 3539 2382 3509 11 766
Responded 405 (17.3%) 318 (9.0%) 367 (15.4%) 519 (14.8%) 1609 (13.7%)
UK
Approached 2303 3441 2354 3545 11 643
Responded 173 (7.5%) 203 (5.9%) 247 (10.5%) 225 (6.3%) 860 (7.4%)‡
Total
Approached 12 640 16 014 11 636 15 603 55 893
Responded 1404 (11.1%) 1419 (8.9%) 1479 (12.7%) 1624 (10.4%) 6037 (10.8%)
Residents with unknown neighbourhood type:
*n=75,
†n=24,
‡n=12.
SES, socioeconomic status; RAD, residential area density.
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whether most of their friends lived in their neighbour-
hood or not.
Self-defined residential neighbourhood boundaries
Respondents were provided with an online map showing
the area around their residential address and were asked
to draw the boundaries of what they regarded as their
residential neighbourhood (online, using a self-mapping
tool developed for this purpose, or on a printout when
using a paper version of the questionnaire).
Neighbourhood satisfaction/mobility intentions
Respondents were asked to indicate which of the follow-
ing ﬁve situations ﬁtted best with their current housing
situation: (I would like to: continue to live in my neigh-
bourhood/move house to another neighbourhood and
plan to do so soon/move house to another neighbour-
hood, but cannot for ﬁnancial reasons/move house to
another neighbourhood, but I cannot for other reasons
(family, work, etc)/no speciﬁc wish about moving
house). In addition, we asked for factors that might
inﬂuence their decision to live in their current neigh-
bourhood (cost of housing/distance to work or school/
there are restaurants or bars nearby/it is an attractive
neighbourhood/there is easy access to transport facil-
ities/it is easy to walk to shops and services (eg, bank,
post ofﬁce)/it is close to recreation facilities, parks or
sports facilities/my friends/family live close by/other).
Respondents were also asked about the number of
years they had lived in their neighbourhood and
whether or not they spent most of their leisure time in
their local neighbourhood.
Sociodemographics
Questions on age, gender, educational attainment,
employment status, hours per week spent on work/
study, household composition and net household
income per month or year were asked. To enable com-
parison of the country-speciﬁc education systems, we
recoded educational attainment into ‘higher’ or ‘lower’.
Translation of the survey into target languages
The questionnaire was translated from English to
French, Hungarian, Flemish and Dutch according to
published guidelines for the translation of measurement
instruments.28 29 We used forward and backward transla-
tions by researchers working in the same or similar ﬁeld,
and native speakers of English and the targeted lan-
guages. In each country, two independent experts trans-
lated the questionnaire into their language. Together
with a third person, the two versions were combined
into one. This combined version was translated back
into English by two other experts. An expert committee
(four translators together with researchers) reviewed all
translations and reports and took decisions on
discrepancies.
Data analyses
A standardised in-country data cleaning protocol was fol-
lowed by each research centre involved. After merging
in-country data sets, descriptive statistics and compari-
sons were performed centrally, using IBM SPSS Statistics
V.22.0. Overall and country-speciﬁc values were calcu-
lated for minutes per day spent on moderate-to-vigorous
physical activity (during leisure and for transport), total
sitting time (minutes/day), weekly frequency of con-
sumption of fruit, vegetables, ﬁsh, sugary drinks, sweets,
fast food and BMI. Analysis of covariance was used to
compare sex-adjusted and age-adjusted values between
neighbourhood types (ie, high SES/high RAD, low SES/
high RAD, high SES/low RAD and low SES/low RAD).
Differences between neighbourhood types were tested in
post hoc analyses using Bonferroni correction for mul-
tiple comparisons (with log-transformed values in some
analyses to stabilise the variance of residuals).
RESULTS
Table 3 describes the sociodemographic characteristics
of the participants and descriptive statistics of their
obesity-related behaviours and BMI. The mean age was
52 (SD 16.4) years and 56% were female.
Generally, across all countries, residents from low-SES
neighbourhoods ate less fruit and vegetables, drank
more sugary drinks and consistently had a higher BMI.
Residents from low-RAD neighbourhoods were slightly
less physically active than those from high-RAD neigh-
bourhoods during leisure time and this difference was
even more pronounced with regard to active transport
use. Mean BMI values ranged around the overweight
threshold, with lowest values reported in France (24.5
(SD 4.4)) and highest in Hungary (26.0 (SD5.1)).
Pronounced SES differences in sedentary behaviours
were only observed in France, with those from higher
SES neighbourhoods reporting sitting considerably
more (about 1.5 h/day more) than those from low-SES
neighbourhoods. The ﬁnding that residents from
low-RAD neighbourhoods were less physically active than
those from high-RAD neighbourhoods was true for all
countries except for Belgium, where participants from
low-SES/low-RAD neighbourhoods were more active for
transport relative to other neighbourhood types. The
highest levels of active transport (about an hour per
day) were reported in low-SES/high-RAD neighbour-
hoods in the Netherlands. The largest RAD differences
in active transport were seen in France and the UK,
where people from high-RAD neighbourhoods who
walked or cycled did so for approximately 15 min more
per day than their counterparts in low-RAD areas.
Highest values were measured in low-SES neighbour-
hoods in Hungary (26.6 kg/m2 across both RAD types)
and low-SES/low-RAD neighbourhoods in the UK
(mean 26.4). Differences in BMI by RAD were inconsist-
ent across countries.
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Table 3 Demographic, anthropometric and behavioural characteristics of adults across countries and neighbourhood types
Neighbourhood
type Age
Gender
(female, %)
High
educational
level, %
Total
leisure time
MVPA (min/
day)
Total MVPA
for transport
(min/ day)
Total sitting
time (min/day)
Fruit
intake
(times/
week)
Vegetable
intake
(times/
week)
Fish
intake
(times/
week)
Sugary
drinks
(glasses/
week)
Intake of
sweets
(times/
week)
Intake of
fast food
(times/
week)
BMI
mean (SD)
Overall
HSES/HRAD 50.4 (15.7) 56.1 61.4 38.7 (44.8) 42.9 (48.6)II,III 544.0 (239.0) 7.3 (3.7)IV 7.3 (3.7)IV 1.3 (0.0)IV 3.5 (0.1) 3.7 (3.7) 0.6 (0.0) 24.9 (3.7)II,IV
LSES/HRAD 49.0 (16.3) 54.6 47.7 39.5 (46.0)IV 48.8 (46.0)I,III,IV 537.7 (226.4) 6.8 (3.5)III 6.9 (3.5)III 1.3 (0.0) 3.7 (0.1) 3.4 (3.5) 0.7 (0.0)III 25.7 (3.5)I,III
HSES/LRAD 55.9 (16.4) 54.5 61.8 38.1 (45.9) 36.1 (49.7)I,II,IV 538.0 (240.9) 7.4 (3.8)II,IV 7.3 (3.8)II,IV 1.2 (0.0)IV 3.5 (0.1) 3.5 (3.8) 0.6 (0.0)II 24.6 (3.8)II,IV
LSES/LRAD 51.6 (16.5) 58.2 44.7 37.0 (48.1)II 42.7 (48.1)II,III 529.3 (244.4) 6.7 (4.0)I,III 6.7 (4.0)I,III 1.2 (0.0)I,III 3.8 (0.1) 3.4 (4.0) 0.6 (0.0) 25.7 (4.0)I,III
Total 51.8 (16.4) 56.0 53.6 38.4 (46.5) 42.9 (47.6) 536.4 (224.5) 7.0 (5.0) 7.0 (3.8) 1.3 (1.2) 3.6 (4.6) 3.5 (3.2) 0.6 (0.7) 25.2 (4.5)
Belgium
HSES/HRAD 55.6 (15.7) 54.2 46.7 36.7 (52.5) 40.9 (54.5)IV 516.3 (244.4) 7.1 (6.1) 7.4 (4.0) 1.3 (2.0) 4.2 (0.3) 4.8 (4.0)II,IV 0.6 (0.0) 25.2 (4.0)II
LSES/HRAD 54.6 (16.3) 50.2 28.9 38.5 (52.9) 47.4 (55.0) 521.8 (249.8) 7.0 (6.3) 7.0 (4.2) 1.2 (2.1) 5.1 (0.3) 4.0 (4.2)I 0.6 (0.0) 26.0 (4.2)I,III
HSES/LRAD 54.0 (17.1) 52.0 50.2 35.6 (50.5) 41.4 (52.6)IV 526.4 (239.7) 6.9 (4.2) 7.4 (4.2) 1.2 (2.1) 4.4 (0.3) 4.4 (4.2) 0.6 (0.0) 24.9 (4.2)II
LSES/LRAD 47.0 (16.4) 54.4 57.5 38.4 (51.5) 56.4 (53.7)I,III 504.0 (244.8) 6.7 (6.4) 7.5 (4.3) 1.2 (2.1) 4.1 (0.3) 4.2 (4.3)I 0.6 (0.0) 25.3 (4.3)
Total BE 53.0 (16.7) 53.0 45.7 37.7 (50.4) 47.6 (52.6) 517.2 (221.6) 6.9 (5.1) 7.3 (3.2) 1.2 (1.0) 4.4 (5.3) 4.3 (3.5) 0.6 (0.7) 25.4 (4.5)
France
HSES/HRAD 47.6 (14.8) 57.5 73.8 32.0 (41.1) 35.9 (37.9)IV 461.5 (213.5)IV 8.0 (6.3) 7.7 (4.7) 1.6 (1.6) 3.3 (0.3)IV 3.5 (3.2) 0.6 (1.6) 24.5 (4.7)IV
LSES/HRAD 46.1 (14.0) 58.5 67.5 33.3 (40.0) 38.0 (37.4)III,IV 428.0 (213.5)III,IV 7.6 (5.3) 7.9 (5.3)III 1.6 (1.3) 4.1 (0.3) 3.5 (4.0) 0.7 (1.3) 24.1 (4.0)IV
HSES/LRAD 56.1 (15.6) 55.1 80.5 33.5 (40.4) 27.0 (37.4)III 494.9 (220.0)II,IV 8.3 (6.0) 8.6 (4.5)II 1.7 (1.5) 3.9 (0.3) 3.1 (4.5) 0.6 (1.5) 23.8 (4.5)IV
LSES/LRAD 48.5 (16.7) 62.8 24.6 31.5 (40.7) 18.7 (37.0)I,II 353.0 (203.4)I,II,III 7.2 (6.2) 7.0 (4.9) 1.4 (1.2) 4.6 (0.3)I 3.6 (3.7) 0.8 (1.2) 25.9 (4.9)I,II,III
Total FR 49.7 (15.8) 58.5 64.7 32.8 (39.3) 31.1 (37.3) 441.6 (209.1) 7.8 (5.6) 7.8 (4.6) 1.6 (1.3) 3.9 (4.2) 3.4 (3.4) 0.6 (0.7) 24.5 (4.4)
Hungary
HSES/HRAD 50.4 (17.1) 59.0 71.0 50.8 (49.5)IV 34.8 (40.6) 555.9 (227.1) 6.7 (3.8)IV 6.5 (3.8)II,IV 0.9 (1.3)II,IV 2.6 (0.3) 3.7 (2.5) 0.7 (0.0) 24.2 (5.1)II,III,IV
LSES/HRAD 48.8 (15.7) 60.7 40.2 42.4 (48.6)IV 40.5 (40.5)III,IV 526.5 (226.6) 5.7 (4.9) 5.4 (3.2)I 0.7 (0.0)I 2.7 (0.3) 3.5 (3.2) 0.6 (0.0) 26.6 (4.9)I
HSES/LRAD 48.9 (16.0) 65.8 57.5 40.7 (49.1) 28.0 (39.6)II 529.6 (223.7) 5.9 (4.1) 5.7 (4.1) 0.7 (1.4) 2.2 (0.3) 3.4 (2.7) 0.6 (0.0) 25.9 (5.5)I
LSES/LRAD 46.8 (13.3) 66.3 40.0 33.9 (49.7)I,II 25.0 (40.1)II 520.5 (230.8) 5.3 (4.8)I 5.0 (3.2)I 0.6 (0.0)I 2.8 (0.3) 3.0 (3.2) 0.6 (0.0) 26.7 (4.8)I
Total HU 48.5 (15.4) 63.1 49.6 41.0 (48.5) 32.1 (39.8) 530.4 (222.0) 5.8 (4.4) 5.6 (3.8) 0.7 (0.7) 2.6 (4.3) 3.4 (3.0) 0.6 (0.5) 26.0 (5.1)
The Netherlands
HSES/HRAD 49.5 (14.4) 56.9 57.0 38.9 (46.3) 52.8 (50.3)II,III 564.6 (227.4) 6.8 (4.0) 6.2 (2.0)III 1.1 (2.0) 3.3 (0.2) 3.3 (4.0) 0.6 (0.0) 25.1 (4.0)III
LSES/HRAD 48.7 (15.6) 54.1 52.6 42.2 (46.1) 63.8 (49.7)I,III,IV 571.0 (223.6) 6.2 (3.5)III 6.4 (1.8) 1.2 (1.8) 3.2 (0.2) 2.8 (3.5)III,IV 0.6 (0.0) 25.4 (3.5)III
HSES/LRAD 60.6 (14.9) 50.0 71.0 42.6 (47.6) 43.3 (51.4)I,II 557.4 (230.5) 7.2 (3.8)II 6.6 (1.9)I,IV 1.2 (1.9) 3.1 (0.2) 3.5 (3.8)II 0.5 (0.0) 24.0 (3.8)I,II,IV
LSES/LRAD 59.0 (15.2) 54.5 47.4 39.7 (47.7) 51.4 (52.2)II 580.1 (238.3) 6.7 (4.5) 6.1 (2.3)III 1.2 (0.0) 3.8 (0.2) 3.4 (2.3)II 0.6 (0.0) 25.2 (4.5)III
Total NL 54.9 (15.9) 54.0 56.4 40.7 (45.4) 52.5 (49.4) 568.6 (211.4) 6.8 (3.8) 6.3 (1.8) 1.2 (1.0) 3.4 (4.2) 3.3 (2.8) 0.6 (0.4) 25.0 (3.9)
UK
HSES/HRAD 44.5 (15.1) 53.8 82.2 43.0 (45.8) 43.7 (45.8) 637.5 (245.8) 8.6 (6.5) 9.7 (6.5)IV 2.1 (1.3) 3.3 (0.3) 2.2 (2.6) 0.8 (1.3) 24.6 (5.2)IV
LSES/HRAD 39.7 (15.1) 53.7 74.6 38.8 (46.9) 47.5 (46.9)III 619.7 (261.5) 8.1 (7.1) 8.6 (5.7) 2.0 (1.4) 3.0 (0.3) 2.7 (2.8) 0.9 (1.4) 24.7 (5.7)IV
HSES/LRAD 57.6 (16.1) 56.4 55.5 38.6 (47.1) 31.6 (47.1)II 594.8 (262.5) 8.6 (6.3) 8.3 (6.3) 1.9 (1.6) 3.0 (0.3) 2.3 (3.1) 0.7 (1.6) 24.7 (4.7)IV
LSES/LRAD 51.9 (16.6) 62.2 31.7 34.6 (46.0) 30.5 (46.0) 640.2 (252.2) 8.0 (5.9) 8.0 (5.9)I 1.7 (1.5) 3.3 (0.3) 2.2 (3.0) 0.9 (1.5) 26.4 (5.9)I,II,III
Total UK 49.1 (17.2) 56.4 59.0 38.7 (43.9) 37.9 (43.9) 619.9 (230.6) 8.3 (6.0) 8.5 (5.5) 1.9 (1.5) 3.1 (3.7) 2.4 (2.7) 0.8 (1.1) 25.1 (4.8)
Values are percentages, means (SD, for age) or sex-adjusted and age-adjusted means (SD, for all other variables).
Superscript Roman numbers refer to the neighbourhood type(s) with which there is a significant difference (I=HSES/HRAD; II=LSES/HRAD; III=HSES/LRAD; IV=LSES/LRAD).
BMI, body mass index; HRAD, high residential density; HSES, high socioeconomic status; LRAD, low residential density; LSES, low socioeconomic status; MVPA, moderate and vigorous
physical activity.
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DISCUSSION
This study describes the SPOTLIGHT neighbourhood
sampling strategy and survey design and explores the dif-
ferences in adult obesity-related behaviours and BMI
according to neighbourhood SES and RAD, across and
within urban areas in ﬁve European countries. Using
GIS-based tools, four urban neighbourhood types were
deﬁned in a 2×2 grid combining low/high neighbour-
hood SES and low/high RAD.
The results indicate that neighbourhood SES was a
more dominant neighbourhood factor than RAD with
regard to lifestyle behaviours and BMI. The results
conﬁrm previous ﬁndings with regard to behaviours of
residents from low-SES neighbourhoods: they generally
engaged in more obesity-related behaviours and
reported higher BMI levels.8 10 30 In accordance with
previous literature,15 low-RAD residents were less physic-
ally active during leisure time and for transport,
although this was not consistent across all countries.
Belgian participants from low-SES/low-RAD neighbour-
hoods were found to be more physically active for trans-
port relative to other neighbourhood types. The
individual-level and contextual-level features speciﬁc to
these neighbourhoods should be further evaluated (eg,
focusing on aspects such as perceived safety, walking and
cycling infrastructures etc). Active transport was found
to be highest in the Netherlands.31 Leisure time physical
activity was also relatively high in the Netherlands—but
highest in Hungary. The latter was especially due to the
leisure time physical activity levels of high-SES/
high-RAD inhabitants. Fish intake was found to be
highest in France and the UK. This larger intake relative
to other European countries has been shown before.32
The weekly intake of sugary drinks was highest in
Belgium and lowest in Hungary. Current evidence from
adult population-based studies across Europe is lacking
with regard to soft drink intake, which hinders
comparison.
BMI differences by RAD were inconsistent across
countries: inhabitants of high-RAD neighbourhoods
reported lower BMI than those in low RAD neighbour-
hoods in France, Hungary and the UK, but slightly
higher BMI in Belgium and the Netherlands.
A strength of this study is the use of a similar approach
for deﬁning neighbourhood SES and RAD across all par-
ticipating countries, enabling harmonised study site
selection. Although SES is a multidimensional concept
that can be operationalised using different indicators
(ie, education, income and/or occupation), we selected
household income as the SES indicator since it provided
the most easily harmonised cross-country data at the
lowest administrative level. We were also able to extract
harmonised data on urban RAD in all ﬁve study areas.
The Urban Atlas provided appropriate Europe-wide GIS
data with uniform standards for all countries, thus allow-
ing comparison of land use patterns in a range of
European cities. Another strength is the large sample
size from geographic and socioeconomic heterogeneous
areas, and the representation of both high-SES and
low-SES groups.
A limitation of this study is that the outcomes (such as
obesity-related behaviours and BMI) were self-reported,
which may be prone to under-reporting or over-
reporting. A second limitation is low response rates,
ranging from 5.9% (low SES/high RAD in the UK) to
18.7% (high SES/low RAD in Belgium). As expected, we
received lower response rates in low-SES neighbour-
hoods as compared to high-SES neighbourhoods.
Although these percentages are common in large
surveys among the general population, generalisation of
outcomes should be done with caution as selection bias
may have occurred.
The sampling strategy and survey results yield several
insights for public health researchers and policymakers in
the European context. The sampling process was per-
formed using free publicly available GIS data sources and
enables further linkage to speciﬁc obesity-related behav-
ioural characteristics of environments, for example, using
free publicly available remote imaging.33 34
The survey results show that adults’ health behaviours
and BMI differ across countries and type of neighbour-
hood. Neighbourhood SES differences were found to be
most prominent with regard to the studied outcomes,
whereas RAD seemed to be related speciﬁcally to phys-
ical activity behaviours. Further studies should provide
insight into the pathways that link these environmental
elements to individual characteristics.
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